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m m m 

M'fb^-^^^ifoTv^§ 0 ^(Dtitbfc&mmi®&&mu 500m 

jgft&=r — T-J^/sf (Thermal Barrier Coating: TBC) #5;fe£*VCV^ 0 

mm^-'r-(^^<Dunt Ltd, ^±m^^^=«^T^f*c*i:-r?){SB 

fcm&fD-t?^ S/^^JlV^tVTV^ (^Jx.f^ #5flsp 8 - 0 7 4 5 0 5 
tfeJ;tK#i¥l 0-1 8 3 0 1 3-%4km0m) o ±IB«=t-X^ & 

Ui& (zrQ 2 ) -mft< N ^>fb^J^bT^-±m^^^^%^nbfc 
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feV^^n-J (Zr0 2 ) 

-loo o°c 237 ot; 

i- 5 »©«5&raJ®jfe £ o T V > 5 0 

^/WnnT^ftfc>5i!if^=i— bTs L a 2 Z r 2 0 7 £ttCi?>£ 

-r^5i^ 0 ^n^nTM«^W^5iffli-Si:VN5^ M¥l 0-2 1 
15 2 1 0 8#^<R % 3 — n i/^WfFJRO 8 4 8 0 7 7-5§% 7^|B#fF^6 117 5 6 
0-5§-#J$) t>£>5 0 ^SXt-Ctt, La 2 Zr 2 OA f|&fc^W^=~T<D 

a 2 Z r 2 0 7 cDmB^5fi^^==T<D- ; etLj; 9 Vh^fc#>, 2S6£teW:£*t£: 
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t?fc5IE^(DM^3t (M;U£K 2 N i Fj#j£^S r 3 T i 2 0 7 #5t. S r 4 
T i 3 O 10 *5t) $b^M^L a T a0 4 -C'^$n^t>O^*3V^T 

h {msBM 1 ®. *7sk-tzb-t>m&x%s * tL-mjffa ^m^t^b m mmmvk * 

>-^^^V^«, BUlB«^7n*A{*, La, Nd, Sr 
(Z>V^H^J:«9iltR^tL, tuia^TC^B^T i , Si, Nb, Ta^W 

gri2K 2 N i F 4 mm^u Mf&^x 2 Yo 4 xm£nz>*mw<vmm 

=t—y" 4 ^^Un^^Xs HU1B«^7C*X{*, L a XteS r £: «J5fe7C^ 
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(MM' ) 2 S i0 4 (fcfcbM, M' «2«<D^?ti*) Xm&tl%*V bTV 

MgXIiNiffe?). Wi&M&yumM' ^Ca, Co, Ni, Fe, Mni>fel 
ft^tSiffi^iC^-C'fcSo _hlB^«5c*©5 "fe-Ct>x M 

£ h\CM 2 S i 0 4 {^^S^3^T(D-etL^< e>-<i/ / 2~5/'6^-e 

v>5£#;lfe*L3„ 

M5nmi:s Nbi^fe^Sife^Sr^frirLT^tpW^ W«LaTaO 
4 Tf«$*t536a^©L aSr % Al, V, Cr, Fe, Ga, Y, Rh, In, 
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Ce, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, LufrbMtt 

_biBT/^ y±M&mi>^< n^±myumtNb tfrbftzmitvob ut«, 

Sr 4 Nb 2 0 9N Sr 5 Nb 4 0 15N Ca 2 Nb 2 0 7N YNb0 4N LaNb0 4 ^ 
ir^fe^^^b:^^ bXfi N Ca 4 Ta 2 0 9> XttB a T a 2 0 6 tfW£ L-Vn~ i: 

^p^#bf^ fazmm<Dmmmf&^x 2 Yo 4 xm£ti?>ffi.f& 
m&<g&mm=i— T^^ywmz&^xn, mmMj&7umx&, p r , Nd, e 

u(OV^tL^T^«9s lulB#^7n^Y^ N N i X&>%> t # 5 £P3: LV^ t £r$ii& 

V ±M&m t> b < «^r±^7C* iNbi^fc^S lSj&:£ L a T a O 4 X 
*^tb6M^OL a ^fth.O^Tn^T-g^Lf^m^^ &T>*C a 4 T a 2 0 9N 
BaTa 2 O e (7/^ y ±iM i T a i f± N SV^dl^ffc 

B 2 0 7 (fiU HtfiEltfife^Afi, La, Nd, S r frbMtttlZTumXh 
9x ttrfB^5ti*B^ N Ti, Si, Nb, T afrhmi-£tlZ>7r>mXfoZ>) X^ 
£th%mj&m, ia^X 2 Y0 4 T'^$tb^K 2 N i F 4 1#at^U tfflB«^7n 
iX^LaXiiS r XhV, «^tc*Y^n i XteT i 

r 3 T i 2 0 7 XteS r 4 T i 3 0 10 Xm&tlZ>mf&^ RUM^L a T a 0 4 ~e 

&x%z> 0 

— ^ ^fe^lBilibfcS r-Nb^Mittt*fe5S r 2 Nb 2 0 7 , :fcJ;t>*S 
r 4 Nb 2 0 9 (t, f©Nbf^h^Ti^ZrtI^lgf5ri(Cj;o-C, $ 
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b W&mfcmt&mZ £ £: 5„ i"*t>*>^ fiWBK^t UTfi, Sr 2 N 

b 2 - x Ti x 0 7 (0<x^2) , XttS r 2 Nb 2 _ x Z r x 0 7 (0<x^2) „ t> 
L<liSr 4 Nb 2 .Ji x 0 9 (0<x^2) x XftS r 4 Nb 2 . x Z r x 0 9 (0 

-m&Wc£>^ N Sr 2 Nb 2 0 7> *5J;tJ«S r 4 Nb a 0 9 O«BtSrfil*H _ 5J:4: 
*s-C#«;V\ tot, Nbf-f h&m&m&irZTumkVTnT i^»Zras»R 

SrYb 2 0 4N Sr 4 Yb 2 0 9 ^ Ca 11 Nb 4 0 21N La 3 NbO 

7N DyNbo 4 ft ^tL^X'\cmmvfc^mmtmu<Dmm^nir^tiib 

S r -Nb^M^tttllit, B a T a 2 0 6 (tWat-f h £r 

So i~^^^>> B a T a 2 _ X T i x O e . XfiB a T a 2 _ x Z r x O 6 (0<x^ 
2) T*^£;ft5M^£i-5~ £^T*#5o 

b\ztez<D'vmmx.m*4z&.^ m^mm^^b\cmm^m^^>(DX\ -7* 

SH5"T?W:fcV^«>fC BaTa 2 0 8 ©iM^t5^<b^t^V\ t£o 
£/c N ±|BB a - T a ^M^i LaN i O 4 tt-?:0Lat^ f 

srcaTiwtsrttaoT, £ b Ki&mfcmik&mz z. t &x% s 0 -r 

t£%>1b, La 2 . x Ca x Ni0 4 (0<x^2) T'^^^^^fbfeitS r. t &X* 
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m^X'fete^tztb^ L aN i 0 4 ©«3tSr««P"t-5r. £a**0#ftV\ tot, 
12 n J 2 WO e ({B.U BulBfll^5n^ J *±«7c*d*bStitt55c*-C*> 

UhW^hm\MiX^>^> S r 2 Nb 2 0 7 . *5cJ:t^S r 4 Nb 2 0 9 {C*5V^-C, 
Nbt-f h£T i rT*Sm@^bfct© % *5ii;SrYb 2 0 4 , Sr 4 Yb 
2 0 9 ^ Ca 11 Nb 4 0 21 . La 3 NbO ?N DyNb0 4x SoiD'B a T a 2 O e 
^©Tat-f b£rT i r XWWmW- LfctO. *5J:I>*L a N i O^-^CD 
Lat^f h^CaT-B^IS^bfckO^^bLT^ mm^-T^^^Unk 

wvmm^-'rj ^^unxmm.^ntmm^mir^ ^ t x\ mtitcmm^^m 
z>mmi$tf$:mm*tz> r t &x% z> 0 

a, Nd, S rT*&91iij&70§StB=T i , Si, Nb, TaffeMW > ^ 

fcia^x 2 Yo 4 T^^^sK 2 N i F 4 mm%m-rz>m.}$.yo (mm^mx 

= La, S r XhV, ^l^7D^Y = N i , Titfc5M« , ffcSr 3 Ti 
2 0 7 , Sr 4 Ti 3 O 10> feSV^IiL a T a 0 4 l?t$tv5ll^is 
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•£fc*WJttZ.£tl^ m^M 2 S i 0 4 fc5VM3 (MM' ) 2 S i 0 4 T^£ 
m&TzmM' =Ca, Co, Ni, Fe, MnX'fc5M#l) ?ri*i LT^A. 

5^4^ a T a 0 4 ft^tl5»©L a A 1 , V, 

Cr, Fe, Ga, Y, Rh, In, Ce, Nd, Sm, Eu, Gd, Dy, H 
o, Er, Tm, Yb, L u^bi^5^l7ciT'ttLT^5$Ififeftv &5 
V^te, T/lsUV±m&UbT a bfat>-teZ>mikyo%:^&-b(Dt-tZ>^ bX\ HJB 

|H2{* N MgO-S i O 2 ^0tfc1ill|-T?fo3o 
0 3W\ FeO-S iO 2 ^0tiST*fe5 o 
EUteU MnO-S i O 2 *©^tB0"C*)So 

m5te s n i o-s i o 2 %k<Dymmx'ibz> 0 

mefcs CoO-S i0 2 I©tii"C'fe5o 
HI 7 ft, F e O-Mg O- S i 0 2 ^©tlitfc5 0 
C a O-MgO-S i 0 2 ^(75^ffiigIt?fe5o 
0 9r±> FeO-MnO-Si0 2 WIM5„ 
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Ml 0f3\ MgO-MnO-S i O 2 ^<D^WMX^h^o 
Hlltt, Mg 2 S i 0 4 -N i 2 S i O 4 ?&<DW;WMXlSbZ> 0 

CHJfetfiJ 1 3 

(ttSjft : "http://www. nistep. go. jp/achiev/ftx/jpn/stfc/stt009 j/f eature3. ht 

a, Rt^|t$UuOV^TtftU W^Nd 2 T i 2 0 7I La 2 Si 2 0 7 , 
La 2 Ti 2 0 7 , Sr 2 Nb 2 0 7> Sr 2 Ta 2 0 7 , Sr 3 Ti 2 0 7 , La 2 Ni 
0 4 , LaTa0 4 T?&$*xSlBj&4&&3»£Lfc„ 

_hfB£-fW£ 14 0 0°ClSferic U -tOJSSaSfr^fe 4 X 4 X 1 5 m 
m©#W^ffitt, «^»J^Ufc 0 1 0 0 Ot^&tfS^JM^O 
ffi^r^l^-t- 0 te&ttMtfk UT 3 YS Z (3mo 1 %Y 2 0 3 -Z r 0 2 : 4 
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mi 





[x i o- 6 /"£] 


3YSZ {tid&m 


9. 9 2 


Nd 2 T i 2 0 7 


10. 0 1 


L 3. 2 S i 2 7 


7. 9 7 


L a 2 T i 2 0 7 


9.6 0 


S r 2 N b 2 0 7 


10. 7 7 


S r 2 T a 2 0 7 


7.9 3 


S r 3 T i 2 0 7 


11. 9 9 


L a 2 N i 0 4 


13. 9 8 


L a T a 0 4 


5. 3 3 



f^l!tfclW©5^ Nd 2 Ti 2 0 7> Sr 2 Nb 2 0 7 , S r 3 T i 2 0 7 , L 
5 a 2 N i 0 4 |^V^TiiW3 YSZ^fli!) &4ifi&^ bTV^5 0 

Nd 2 Ti 2 0 7 , La 2 Si 2 0 7 , La 2 Ti 2 0 7 , Sr 2 Nb 2 0 7 , S 
10 r 2 Ta 2 0 7 , S r 3 T i 2 0 7 , L a 2 N i 0 4 , LaTa0 4 |C-oV^ 140 

<Dm%m 2 ^*h- 0 ft^ey**: Lt3Ysz <Dmm^<Dm dooou 
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[W/mK] 


3YSZ (HMffl 


2. 2 (ioo o°c, xmm) 


N d 2 T i 2 0 7 


2. 5 7 


L a 2 S i 2 0 7 


1 . 6 8 


L a 2 T i 2 0 7 


2. 2 8 


S r 2 Nb 2 0 7 


1 . 7 4 


S r 2 T a 2 0 7 


u_ 2.9 9 


S r 3 T i 2 0 7 


5. 6 4 


L a 2 N i 0 4 


2. 6 6 


L a T a O 4 


2.11 



*m©sM£i*sjs;i. iritnac. f&fcmmfc <D¥-%i&mnwL. ^© 

«»jjiSv tcomzn. rmziTjk-f- (d 5C<z>ii8^fc5„ ^^/^^g^ 
ffmLf^^j-^Tir^Fij-r?) (loc (i/T) ) fcfe, -^7 % y ? *<om 

£\ (l) sfcWu TIB (2) (fcfcb AfitbM^) M^_h 

AocC • L • v • • • (1) 

X =A ■ (C • L • v) /T • • (2) 

^2(^tffcNd 2 T i 2 0 7 , La 2 Si 2 0 7 , La 2 Ti 2 0 7 , Sr 2 Nb 2 
0 7 , Sr 2 Ta 2 0 7 , S r 3 T i 2 0 7 , L a 2 N i 0 4 roife»j;t£ (~3 
0 0K) T-&tJ^LfcffiT*fcS„ (2) 5UcJ;*U:f, rtt 1 0 0 OX> 

(1 2 7 3K) ^tt^f^^f«?i.^«^l/4^^^Cl^«^^ 

5 0 ^©ioo o^&tt5;if ^f&^^SSr^ 3 ^-r 0 

3t3^-r<fc 5^ Cl^t&^JlSI-Ol 0 0 O^^feftSH^WfiV^tLt^ 
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m3 





ioo o , c\£jsvz>mj&bmm& 

[W/mK] 


3 Y S Z Ctb^?M) 


2 . 2 (1000 C> 3tiK1iI) 


Nd 2 T i 2 0 7 


0.643 


L 8 2 S i 2 7 


0.420 


L a 2 T i 2 0 7 


0. 5 7 0 


S r 2 N b 2 0 7 


0.435 


S r 2 T a 2 0 7 


0. 7 4 8 


S r 3 T i 2 0 7 


1 . 4 1 


L a 2 N i 0 4 


0.665 


L a T a 0 4 


0.528 



HJi^ill ^.ttl/f^L a 2 S i 2 0 7 , La 2 Ti 2 0 7 , S r 2 T a 2 0 7 3o <fcTJ*L 
a T a 0 4 {^ *<D$-&^&mm&mt>*&A'=~T<DZ:tl£ *) fc/hSV\fc** 51 

III (os c ) fiTurnerO^il^fmSOT^ (3) &.-V&£tlZ> 0 (3) 5£ 

att«y^w. Ktewmw&m, vfefcmft^s M«vhy^^ N ^ 

a c = (a p V p K p +o !m V m K m ) / (V p K p + V m K m ) • • • (3) 
*fc&£**t©8M£WK U c ) {iMaxwell-EuckenO^^PffittS^T© (4) 

l c =^ m {1 + 2V P (l-^ m /X p ) / (2^A„+1) } / {1-V P 
(1-A m /A. p ) / (A m /l p +l) } ■ • • (4) 
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u = 5. 33, 1 = 2. id teMimmm mm^mm ^*»5sr, 

Ti 2 0 7 (o = ll. 9 9, X = 5. 6 4) |cMft$*5it5o t^^t, 
S r 3 T i 2 0 7 tr^ hV ? L a T a 0 4 £r*$!flIi-5*B b1rZ> 0 LaTa0 4 £r 
1 0 v o I %^P-T ^ d b ^-fS i: V p = 0 . 1, JcfcS r 3 T i 2 0 7 &&11L 
aTa0 4 O^IS#'l4^(«tt- : ettK m =l 4 6. 7 N K P =213. 6T'fc5„ 
nttb^ffiSr (3) (4) SfcfclttA-t-Sfc* 

(3) 5SJ:»9 a c =l 1. 0 6 

(4) 5SJ;<9 i,= 5. 11 

#5iiW5 0 ttTtrm M£ UTS r 3 T i 2 0 7 H a T a 0 4 & 

immm 3i 

M g 2 s i o 4 w:, &N*m& b-c i ci^^-^©t^ • mm.m%* 
itm&to\ «te>ttMg 2 s i o 4 (D^MmB^&£x*@m£;mmz 

Mg 2 S i 0 4 f±«£4fe*Forsteritei:Pf«!^ *4:N^ ^F^PmnbT^S S*L 
5M 2 Si0 4 (Mtt2fl5<D^JR5ciS) O^-y tr^fll-itSrirSW^ciJR-rs,, 
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|!Fe 2 S i 0 4 (tS^Fayalite) „ Mn 2 S i 0 4 (|£^Tephroite) „ Ni 
2 S i 0 4 (lE^Liebenbergite) N Co 2 S i O 4 #^fe§ 0 

< N (M, M' ) 2 S i0 4 ©^ 0fl;iHf (Fe, Mg) 2 S i0 4 ($£4fe£01ivi 
ne) N (Ca, Mg) 2 Si0 4 (tM^Monticellite) % (Fe, Mn) 2 Si 
0 4 (|K^)^Knebelite) „ (Ca, Mn) 2 Si0 4 (IK^^Glaucochroite) s 
(Ca, Fe) 2 Si0 4 (iM**Kirschsteinite) *$©*t*S|. 5 „ 

2ffi©&JR5E*©ffl$$m (M, M' ) 2 -C£v>5^-r?^£;ix5<k?^ MtM' 
^tlb(DM 2 S i 0 4 £>^fcj: (M, M' ) 2 S i O 4 3 ItJfSKcoV^T 

1 1 ©#*ft«80©|±J*tJ:ov^f4x *9fc|Bftb-CV^S. 



^4 





ra 


Mg 2 S i 0 4 


18 9 0 


F e 2 S i 0 4 


12 0 5 


Mn 2 S i 0 4 


13 4 5 


N i 2 S i 0 4 


1 5 4 5 [ 


C 0 2 S i 0 4 


14 2 0 


(F e, Mg) 2 S i 0 4 


1205-1890 


j (C a , Mg) 2 S i 0 4 


14 3 0—1490 1 


(F e , Mn) 2 S i0 4 


1205-1250 


(Mg, Mn) 2 S i 0 4 


1345-1890 


(Mg, N i ) 2 S i 0 4 


1 6 3 0 — 1 8 9 0 


C a Mn S i 0 4 


1 3 5 5 | 


C a F e S i Q 4 


j 12 3 0 



0°CJ: «9 t>4^F e 2 S i Q 4> Mn 2 S i0 4 , (F e, Mn) 2 SiQ 4 , C a 
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MnSi0 4% CaFeSi0 4 lt W t>fr\&RB&}"f?ib&o L^U^^&W*. 
tf (Fe, Mg) 2 S i O t<Dm&t*fti>>Z> <fc 5 ^ »©Mg 2 S i 0 A ti& 

m&<DF e 2 s i Ot&m&it&itzzkfcjiV^ *<Dq*m<Dm&&t>oit (f 

e, Mg) 2 S i0 4 &tfpZ>Z.b&*Itfc-Q$>Z>o -t L-C^H^&F e i:Mg © 
5 Jt^r*ftlJ^T*#Sr ttt®7©F e O-MgO-S i 0 2 ^t®^bi^^ 
So Fe^Mg©i^X*t) (M, M' ) 2 S i O^MilM' (Dyb 

^Tw-t?. HMMg 2 S i 0 4N N i 2 S i 0 4> Co 2 S i 0 4 . (C a, M 
10 g) 2 Si0 4 , (Mg, Co) 2 Si0 4 , (Mg, Ni) 2 Si0 4 , (N i , 

co) 2 s iOi-v&ztizm&mz^x* &ffi&7Gm<DmkVi>%ifc&ffij£it 

o 140 ox: x y> h&^iz&MB*— ^ttk ^xnmmt^FM&x 

hZ>h<Dfemmi,fz.o £fcJtl5T^MbfcMg 2 S i 0 4 , Ni 2 Si0 4N Co 2 
Si0 4> (Ca, Mg) 2 Si0 4 , (Mg, Co) 2 Si0 4 . (Mg, Ni) 
20 2 Si0 4 , (Ni, Co) 2 S i 0 4 0#fMHoV^l 40 OlCT-j^U 

2 s i o A mnm»<o— mmmvx ^^tz.tn^m&^h^^o & b^tb 

U3YSZ (3mo 1 %Y 2 0 3 -Z r0 2 :^yf yT^g^k^ 

25 
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m5 





TU4 ^^yS^ /tCi* 

Mmmm. 

Lg/ cm j 


Lg/ c 1x1 j 


4-a -JU-L ! 
L /OJ 


3YSZ (ttmt) 


~6 . 0 0 


5. 8 4 4 


~9 7. 4 


Mg 2 S i 0 4 


3. 2 2 2 


2. 5 3 8 


7 8. 2 2 


N i 2 S i 0 4 


4. 9 2 3 


4. 0 4 0 


8 2. 0 6 


C 0 2 S i 0 4 


4. 7 0 8 






(C a , Mg) 2 S i 0 4 


3. 0 5 7 


2. 3 7 4 


8 9. 4 3 


(Mg, Co) 2 S i 0 4 


~3. 9 7 


3.722 


— 9 3. 8 


[ (Mg, N i ) 2 S i 0 4 


~4. 0 7 


3. 0 8 8 


~7 5. 9 


(Ni, Co) 2 S i 0 4 


~4. 8 2 


4. 2 4 9 


~8 8. 2 



ttMtf t LTf* Lfc 3 Y S Z <D*B>tf^^ 9 7 %T?jfe t> . mb/» i£W^W- 
tc^oXV^(D(Ctt;-<, moWI-T'fcME*!-^^ 7 5~9 4%i:iSVMe^b 
5 fc 0 r*U*M 2 S i 0 4 #3<fct)< (MM' ) 2 Si0 4 |CftP^3^7^ 

5/0>£>, m^^^=-T^lt^^^^«9^< V^^m^tbSrtbbM2S iO 

10 4 &&tj- (mm' ) 2 s i o 4 <d*v \?^mMm%i>^tz.mfe, mm^— : r^> 
^tz^irn^m^m^^M^^^-TcD^ticD 1 / 2 ~ 5 / 6 

|I^SMg 2 Si0 4 , Ni 2 Si0 4 , (C a, Mg) 2 S i 0 4N (M 
g, Co) 2 Si0 4N (Mg, Ni) 2 Si0 4N (N i , Co) 2 Si0 4 fS 
20 $n^m^^T> 14 0 0°C-C*&UTtf^U nbtlfc&mi&fcfrb 4X4 
X 1 5mmOWM^ttllT, fW^P&$J£Lfc 0 1 0 0 0°Cfc::fctt5 
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S6 





mm* 

[x i o-'/t] 


3YSZ (tb®#t) 


9. 9 2 


Mg 2 S i 0 4 


11. 5 9 


N i 2 S i 0 4 


12. 5 9 


(C a , Mg) 2 S i 0 4 


11. 8 9 


(Mg, Co) 2 S i 0 4 


11. 4 0 


(Mg, N i) 2 S i 0 4 


10. 9 7 


(N i , Co) 2 S i 0 4 


10.42 



5 



l^-iSr^l&L-CV^o LfdSot^OlT't)r|ibM 2 S i 0 4 *5«fct* (M 

10 m* ) 2 s i o 4 <d*v }f^mmm^i>^t^unnmm^-y"^^^t ltjil 

#Ct£> MSMg 2 S i 0 4> N i 2 S i 0 4> (C a, Mg) 2 S i 0 4N (M 
g, Co) 2 S i O 4 -vm£tlZ>mj&VO* 1 4 0 0°C-T?^LT#^U 
fc«-I»f)Etl0mm^ )|$lmm©P]i«^lHU I"— if— 7 

-to tH&Ucmtt LT 3YSZ©ifi^©I (1 0 0 0U ^CiJtffi) 
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M7 



urn* 


[W/mK] 


3ysz utrnm 


2. 2 (10 0 o°c, SrfiMitO 


Mg 2 S i 0 4 


4.0 0 


N i 2 S i 0 4 


8. 5 2 


(C a , Mg) 2 S i 0 4 


3. 8 5 


(Mg, Co) 2 S i O 4 


3. 2 9 



0 4> NijSi 0 4 , (Ca, Mg) 2 Si0 4N (Mg, Co) 2 Si 0 4 <D^ 

5 m. (~ 3 o o k) x*mfe\.tcm&mmmz.tt u iooot ( i 2 7 3 k) 
0 °c\z&rt&m£mBmm&*m. s Km-r* 



^8 





100 o^c^&rtzmfem&mm 

[W/mK] 


3YSZ (tbigtft) 


2. 2 (100 o°c, ifciftii:) 


Mg 2 S i 0 4 


1 . 00 


N i 2 S i 0 4 


2. 13 


(C a, Mg) 2 S i 0 4 


| 0.9 6 3 ! 


(Mg, Co) 2 Si0 4 


0. 8 2 3 



WO 2004/085338 



PCT/JP2004/004010 



19 



9 





: AMERICAN CERAMIC SOCIETY 






: "PHASE DIAGRAMS FOR CERAMISTS" 


vol. 1~6 




Ernst M. Levin, Carl R. Robbins, 


Howard F. McMurdie 




: Vol. 1 1964^ 




Vol. 2 1969^ 







fU# 






HI2 


MgO-Si0 2 ^ 


Vol. 1 


112^—^ 


Fig. 266 


m 3 


Fe-Si-0^ 


Vol. 1 


59^— 


Fig. 80 


04 


Mn-Si-0^ 


Vol. 1 




Fig. 101 


125 


Ni0-Si0 2 ^ 


Vol.2 


9CK<— i? 


Fig. 2324 


H16 


Co-Si-056 


Vol.2 


23^-i? 


Fig. 2120 


HI7 


Fe0-Mg0-Si0 2 56 


Vol. 1 


236^<— *? 


Fig. 682 


128 


CaO-MgO-Si0 2 5& 


Vol. 1 


210^-v? 


Fig. 598 


139 


FeO-MnO-SiO,^ 


Vol. 1 


239^—^ 


Fig. 689 


010 


MgO-MnO-Si0 2 ^ 


Vol. 1 


242-^— Z? 


Fig. 699 


EI l l 


Mg0-Ni0-Si0 2 ^ 


Vol. 1 




Fig. 702 



ytfmt LTjgLTV^t^fcS r 2 Nb 2 0 7 £r£^s ^©i©N b 4r£tri» 

1 tpT^^fcL a 2 N i 0 4 §rS^> L a <OjXt> *) \Zl&<D%i±MjuM. fclfcfif P 
r, Nd, Eu|©L a £|PJC< 3#*t 5*±«36*«r«ftLfc»Mb*x £ 6> 
10 {£H»iJ 1 tfT-j^fcL a T a 0 4 Sr36^L a <Dttfr> Y) \Z.fo(D 3 flfi<£>&JR5c^ 
iiff A 1 , V, Cr, Fe, Ga, Y, Rh, In, Ce, Nd, Sm, E 
u, Gd, Dy, Ho, Er, Tm, Yb, L u Srfi&bfcM^ *5<fctJ^<^ 

iwT'^L/c#3fS|-{^ S r tNb<Dit^^.fcS r 4 Nb 2 0 9N Sr 5 Nb 4 0 
15 15 , S r(^^>l9|^Cr^!;±m^JRmT?feSCa^V^cCa 2 Nb 2 0 7 , 
S r <0ftfc> <Q l^zHS^ffi&fflVvfcYN b 0 4 , L a N b Q 4 ^(DN b 
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ttfib^ L a 2 N i 04^01 a ©ft^^'N dflttfcN d 2 N i 0 4 , LaT 
a0 4 t f'©LaCD^ l 9NdT"fttfcNdTa0 4 , *3 £D?C a 4 T a 2 0 9> B 
a T a 2 O e t Lfc 0 ^fobtfUvm 1 0 ^^i~ 0 

s iio 





lft& ra 


S r 4 Nb 2 O g 


17 0 0 


S r 5 Nb 4 0 15 


14 7 5 


C a 2 N b 2 0 7 


15 7 1 


YN b 0 4 


2 0 0 0 


L a Nb 0 4 


16 2 0 


Nd 2 N i 0 4 


1 9 0 0 | 


NdT a 0 4 


19 0 0 


C a 4 T a 2 O g 


19 9 0 


B a T a 2 O e 


18 7 5 



«10 KTyrtX. 5 fc> rHbOtt^fA-f-^Titt^^ 1 4 0 0°C^_hT'fe t) , % 

10 «10 ^ff1ttfn$:&f&-fZ> y> N ^^H©#^5£3RoK^. 7ki£ 

fflV>T@iaS^Ufeo iS£^&$fcjftUfc8K HOOttlitfc, Hhtl1£<R 

T©tMB^-c^fg^^:ftoTV^Sili:36SfllS8$^^feo #CV^-C\ _h|2#WSr 1 5 0 
15 0X.X-mi& U ^©1W^4 X 4 X 1 5 mm<DWM&ft&®m UT, W 

»^aij^b/c 0 100 ox,\z.&vz>$®mm&<Dm*m 1 1 ftastbtt** 

k LT 3 Y S Z©j»»W'b*f fcBiUfc, 
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mi i 





[x i o-V'C] 


3YSZ (HMtt) 


9. 9 2 


S r 4 Nb 2 O g 


14.47 


S r 5 Nb 4 0 15 


11. 2 7 


C a 2 N b 2 0 7 


12.06 i 


YNb0 4 


9. 2 2 


LaNb0 4 


12. 6 4 


Nd 2 N i 0 4 


14.05 


N dT a 0 4 


9. 8 7 


C a 4 T a 2 0 9 


7. 3 8 


B a T a 2 O e 


7. 7 9 



^LfclW^lb, Sr 4 Nb 2 0 9N Sr 5 Nb 4 0 15 , Ca 2 Nb 2 0 7 , L 
a N b o 4 ^isv^tl!II^ 3 Y S z ©^tiJ; 5 hJzt teiU%7F^X^Z> 0 r 
5 ©rite. m&^WM^^^^i: fCtffltfci^^ Ti©^il 
£ optica I o 3fi 9 ^ C a prigtt^3?JB<Z5 ^3 ~r «fc >9 /h £ ^ <t 
9 r.i^r^bTV^6 0 *fcYNb0 4 ^joV^Tt5mB^?R^ s ^= 1 -T^7?•en 

*^»J-e^i l^^:^^ffc9a^©^^cov^t:^^-»»(7>^l!J^ 

&*Tofctf^ L a 2 N i O 4 (u*3lt 5 L a <Df^^ «3 1CN d ^<Dt±f7ci^ M 
iifPr, Eu£rSmbfc^fM£)^\ L a T a 0 4 ^*5tt?> L a Oftb «9 tCN d 
15 ^tf>3f6tf*£:JR7nf^ 0iJ;tfcfA 1 , V, Cr, Fe, Ga, Y, Rh, In, 
Ce, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, Lu^B^Lfc^ 
fttfeott), N d 2 N i 0 4 ^N d T a O 4 1 l^i^^ijt^ t 5 1 fe, fflU 

Sr 4 Nb 2 0 9 . Ca 2 Nb 2 0 7 s YNb0 4 , Nd 2 Ni0 4N NdT 
20 a0 4 , Ca 4 Ta 2 0 9N BaTa 2 0 6 to^T, 1 5 0 O'CT'jfe&U 
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*5j«*t £ LT3YSZ ( 1 0 0 0°C> »iit) fc^lcfBjfeL 



mi 2 





[W/mK] 


3YSZ (JfcBtft) 


2. 2 (ioo o°c:$c$m) 


S r 4 Nb 2 O g 


1 . 0 2 


C a 2 N b 2 0 7 


2. 10 


YNb 0 4 


1. 9 5 


N d 2 N i 0 4 


1. 8 4 


NdT a 0 4 


2.15 


C a 4 T a 2 0 9 


2.18 


B a T a 2 O e 


1. 6 0 



mmmi *x*m^<tc(D bmm<D^%n^\ m^vt^ (2) \z.&*> 100 

0<C (1 2 7 3K) *1 3©.fc5fcft3o 



*i 3 



jam 


100 oxz\zis\ir&mmm5m& 

[W/mK] 


3YSZ (Ifctfett) 


2. 2 (100 o°cxmm 


S r 4 Nb 2 O g 


0. 2 5 5 


C a 2 N b 2 0 7 


0. 5 2 5 


YNb 0 4 


0. 4 8 8 


Nd 2 N i 0 4 


0. 4 6 0 


N d T a 0 4 


0. 5 3 8 


C a 4 T a 2 O g 


0. 5 4 5 


B a T a 2 O e 


r 0.400 
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mmmz-cmm^tz^ (3) *3«tt^ (4) &m^zz.k\z£9. mmm. 
3*at««f«>*i 1*3*^1 2(cmtffc$t^f^^2ffi^fc?>v^^- : e^±^-a"fb^ 

&noft&. La 2 N i 0 4 (^:*3^t6La(Dftfc> i 9{CNdei > ^^0^±S5ri*^ 09 
10 i«Pr, Eulrt^Lfcift^ L a T a 0 4 KL*5tt 5 L a <DiXfr> *) KlN d 
J^©3<fil6<?!>&JR5D*L MAI, V, Cr, Fe, Ga, Y, Rh, In, 
Ce, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, LuSrltUfctft 
mXfooX-b, Nd 2 N i 0 4 ^N dT a0 4 kmM<Dffigkffi&&bZ>tc#>^ mU 

15 

jfttftb LTitL-TV^^^fcS r-Nb|iW©ltM^ B a T a 

2 0 9 , Ca xl Nb 4 0 21 , B a T a l 8 T i o. 2 O e , B a T a x . 8 Zr 0 s O 
6 , Sr2Nbi.sTio.2O7, S r 2 Nb 2 . x Z r x 0 7 , S r 4 N b 2 _ X T i x O 
9 , S r 4 Nb l 8 Z r o. 2 O g , La 3 Nb0 7 , DyNb0 4 , La li8 Ca 0 . 2 
25 N i 0 4 , La 6 W0 12 , Ce 6 WO a2 , Dy 6 W0 12 , Sm 6 W0 12 , Y b 6 W 
0 12 , Y 6 W0 12 , Dy 2 W0 6 , Yb 2 W0 6 S r Yb 2 0 4 , La 6 WO ia > D 
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f 14 



WW 




C a 4 N b 2 O g 


i *7 r\ r\ 


C a uNb 4 0 21 


r\ r\ r\ cz 
Z O O O 


B a T a x . 8 T i o. 2 O e 


t o o r\ 
1 o o O 


B a T a x . 8 Z r 0 2 O e 


i o d r\ 

i 8 y u 


S r 2 Nb 8 T i o. 2 0 7 


1 7 0 5 i 


S r 2 N b l 8 Z r o. 2 0 7 


*i *7 r\ o 

1 7 O Z 


S r 4 N b J. 8 T i o. 2 O g 


17 10 


S r 4 N b !. 8 Z r o. 2 O a 


17 0 0 


L a 3 N b O 7 


1 9 0 O 


D y N b 0 4 


19 5 0 


JL a x . 8 O a 0- 2^ 1 ^4 


1 R R 7 
j- o *j t 


L a 6 W0 12 


2 15 0 


C e 6 WO ia 


2 0 3 0 


Dy 6 W0 12 


2 3 0 0 


Sm 6 W0 12 


2 2 4 0 I 


Yb 6 W0 12 


2 5 2 5 


Y 6 W0 12 


2 4 0 0 


Dy 2 WO e 


2 2 0 0 


Yb 2 WO e 


2 2 0 0 



10 140 0 < CT-^bfc„ #btbfc^^^5|cXj^|lJ^<fct)|ll^Ufctri 

Ufc 0 #^T\ -kffiSrtWS: 1 5 0 0°CX«mJ& ^tOiJtete^fe 4X4X1 
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Ca 4 Nb 2 O g> Ca n Nb 4 0 21 ^TI4Ca 2 Nb 2 0 7 ^ BaTa 2 . x T 
5 i x 0 6s B a T a 2 _ X Z r x O e . {COV^TteB a T a 2 0 6 t, Sr 2 Nb 2 _ x Ti 
x 0 7 . S r 2 Nb 2 _ X Z r x 0 7 |CoV^liS r 2 Nb 2 O r i: N Sr 4 Nb 2 . x Ti x 
0 9N Sr 4 Nb 2 . x Zr 1( 0 9 toV^Sr 4 Nb 2 0 9 h La 3 Nb0 7 . Dy 
Nb0 4 toV^ttLaNb0 4 i:^ La 2 . x Ca x N i 0 4 WTttLaN i O 
4 £ % Ce 6 W0 12 . Dy 6 W0 12 , Sm 6 W0 12 , Yb 0 WO 12 , Y 6 WO I2 |: 
10 oV^I4La 6 W0 12 i^ Yb 2 W0 6 WT(4Dy 2 W0 6 i»ii3l$ 
<D^&5r.£^fe^T*fc5tfrC\ nt'SMtSriiU SrYb s O 
4N La 6 W0 12 . Dy 2 W0 6 0 1 0 0 0 t^&tt^W^^fi&ig 1 5 
f o ^*5Jt^?*t t LT3YSZ OSIi^R^^^-iEiK Lfc D 

15 $15 





[x 1 o- 6 /°c;i 


3YSZ (JttfeW 


9. 9 2 


S r Yb 2 0 4 


10. 8 5 


L a 6 W0 12 


10. 9 2 


Dy 2 WO e 


10.60 



Ml 5^-TJ;5^ f^bfclftjSHZ)^ SrYb 2 0 4 , La 6 W0 12 , D 
y 2 W0 6 (£:&V^f«3gW 3 Y S Z<D^1n& V %^C# fclfcSr* b-CV^o ^ 

i^fc:, Ca 4 Nb 2 0 9 , Ca 11 Nb 4 0 21 , B a T a x . 8 T i 0 . 2 O 6 , BaT 
a liB Zr 0 . ,O e , S r 2 Nb u 8 T i 0 . 2 0 7 , S r 2 N b 2 _ x Z r x O 7 , Sr 4 
Nb 2 . x Ti x 0 9 , S r 4 Nb l 8 Z r o. 2 0 9 , La 3 NbQ 7 , DyNb0 4 , 
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L a j. 8 C a o 2 N i 0 4 , La 6 W0 12 , Ce 6 W0 12 , Dy 6 WO :2 , Sm 6 W 
0 12 , Yb 6 W0 12 , Y 6 W0 12 , Dy 2 W0 6 , Yb 2 WO e fcoVM:, 140 

5 CHE^ 1 6 t£fj*+ 0 ft&ltmttt U3YSZ cOfVfczppGQlji: ( 1 0 0 0 °C, 



«16 





Wax 
[W/ 


mK] 


3YSZ 


2. 2 (1 0 0 0°C, $M 

m 


C a 4 N b 2 0 9 


2. 


0 6 


| Ca 11 Nb 4 0 21 


2. 


0 1 


B a T a l 8 T i o. 2 O e 


1 . 


5 4 


B a T a l 8 Zr 0 . z O 6 


1 . 


5 8 


S r 2 N b x . 8 T i „. 2 0 7 


1 . 


4 9 


S r 2 N b l 8 Z r o. 2 0 7 


1 . 


5 0 


Sr 4 Nbi, 8 Ti 0 . 2 O g 


1 . 


5 8 


S r 4 N b t . 8 Z r o. 2 0 9 


1 . 


5 3 


L a 3 N b O 7 


1 . 


9 1 


Dy Nb 0 4 


1 . 


8 4. 


Lai, 8 C a o. 2 N i 0 4 


1 . 


8 3 


L a 6 W0 12 


1 . 


8 3 


C e 6 W0 12 


1 . 


9 2 


Dy 6 W0 12 


1 . 


8 4 


Sm 6 W0 12 


1 . 


8 8 


Yb 6 W0 12 


1 . 


9 2 


Y 6 W0 12 


1 . 


9 1 


Dy 2 WO e 


1 . 


8 9 


Yb 2 WO e 


1 . 


8 2 



^Ufc5£ (2) {£,fc<9 1 00 0 o C (1 2 7 3K) t£:i8tt5SMSW&*®£i~S 
& 1 7<£>J: 5 fcfcS, 
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mi 7 





10 0 o^c^^m^m^m^ 

[W/mK] 


3YSZ (itmt) 


2. 2 (ioo o°c:£M:) 


\ C a 4 N b 2 O g 


0. 5 15 


C a „Nb 4 0 21 


0. 5 0 3 


B a T a x 8 T i o. 2 0 6 


0. 3 8 5 


B a T a j. 8 Z r 0 . 2 O e 


0. 3 9 5 


S r 2 Nb J. 8 T i o. 2 0? 


0. 3 7 3 


S r 2 Nb l 8 Z r o. 2 0 7 


0.375 


S r 4 Nb l 8 T i o. 2 0 9 


0. 3 9 5 


Sr 4 Nb,. 8 Z r o. 2 O a 


0. 3 8 3 


Dy Nb0 4 


0. 4 6 0 


Laj, sC a 0i 2 N i 0 4 


0. 4 5 8 


L a 6 WO a2 


0.458 


C e 6 W0 12 


0. 4 8 0 


Dy 6 W0 12 


0. 4 6 0 


Sm 6 WO a2 


0. 4 7 0 


Yb 6 WO a2 


0.480 


Y 6 W0 12 


0. 4 8 8 


! Dy 2 WO e 


0.473 


Yb 2 WO e 


0. 4 5 5 



mmm 2 x«uw (3) (4) *m^z>~t\'£Y), 
f^^^f^i-s r. t &-^mx*$>Z)ti#>, mi 5 &£t$m 1 6 icmtftitt 
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5££rfTofctf5, La 6 W0 12 , Dy 2 WO e iJ:*3(tS L a Oftfc) 13 fc J £r<OflfcW*± 
Stg** mtfPr, Nd, Eu, Gd N E r L/cM^-CfcoT 
L a 6 W0 12 ^Dy 2 WO 6 i: l^#0^ B «3tS: ^./c*. 1^1^^^$^^ 

»i-16Cr-8. 5Co-l. 7Mo - 2. 6W-1. 7T- 
0. 9Nb-3. 4A1-3. 4Ti (a t%) T'fcSNilftMMM 

5/ b UfcgK ^©Jb^JS^JS tUCo-32Ni-21Cr-8 

A 1-0. 5Y (at%) *5Ei©C oN i C r A 1 Y^fe^S^y K= 
- hmZitefc-?? X^MmiZ-X D^j$U :®CoNiCrAl Y^OTj^^ 

*m*T?«Jft3*L5MI) MU»3^-7^ y^lH^LT^jttL 

fc*3* Tj^^K^— hit (CoNiCrAlY^l) ©Jf^^O. 1mm. ± 
7V7^1©)?^iO. 5mmi tfc 0 

tz. bss^xt y*-*mnxMm*~fz>-hm/%iMV'< ^^m^o^-i-m^-^ ? 
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# fca&JS tl S ft 5 r. 4: tc & £ , r. <Z>tft$l <Sr i &-?i£Sft =» — 7 ■< ^fffi <Dm 

ffi&vm z ft 5 * t?ff o fc„ 

^yrn&m <Dmw&m* 1 4 5 o°ci u c«=*~x^ v 

oVvC^fBbfCo 



*1 8 







3YSZ 


8 0 


S r 2 Nb 2 0 7 


6 0 0 
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it 3& <d «s m 

jj&fife*;A 2 B 2 0 7 (I&U AttLa, Nd, S r b»fittL37G*T?*> 5 s B 
UTi, Si, Nb, T a**b3Bfdax«5c*"e*>5) 

lifl3J^aX 2 Y0 4 ^$^5iWMIlOX^L a XttS rtfc!), Y^N i 

4. »*t©*M^«$n5^f»=—^^^^J0l^^^# Silica--"? 1 >f ^ 
l&JjfeStS r 3 T i 2 0 7 XteS r 4 T i 3 0 1 0 t*iBt&1nZ>mkVl>*3itek ttt 

t7 5 j/^firiMfcSr^i bT^tpjtff&a—? 1 ^ ^?m o 
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7. &tf<Dmm\z.$m£ft<2>Mf&=— T^^^m^Mmx^^m^— tji/ 

(MM' ) 2 Si0 4 (HUM, M' teVvfnk 2ffitf>^«7Glff) "C 

^TiBift^S: (MM' ) 2 S i 0 4 tf>M#^ MgXIiNiffc^ M' $K C 
a, Co, Ni, Fe, Mn**b»r£ft5&S7G*^fcS&f&=— 

^funxfr^x. 
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wmmitmK Sr 4 Nb 2 0 9 . Sr 5 Nb 4 O xs , Ca 2 Nb 2 0 7 ^ YNbO 
4 . L a N b O 4 36»feai«r*L5SMb**C*>5a0l!k= J — f^f ^?ttPc 0 

Btj|Sm^X 2 Y0 4 T*S$tL5^b#I^X^ s Pr, Nd, Eu<DV^tt^ 

io ^ymx&^x, 

I^La (1 - X) M" x Ta0 4 0§.U 0<x^U M" fc£A 1 , V, C 

r, Fe, Ga, Y, Rh, In, Ce, Nd, Sm, Eu, Gd, Dy, H 
o, Er, Tm, Yb, L u tf>k51fcm5&JR7cii) xm^n^m^^i^t 
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1 6. &u<Dmm\zmi&frzMf&^—Tj^ymfcmmx%zmm^-- 

7;^y±I^SiTa <k^b&5^b#J&Efe#£ L-r#tpjiii=i-^-f is? 

20 

BfjfB^fbW^ Ca 4 Ta 2 O a , Xf^B a T a 2 0 6 T-fc§3S^='— 
25 18.- If 13«>bl5, 33 «ttJW*3® 1 7 ©V vf*L3&» 1 3gfcHB«©$Hfc;^ 

^triSf»=~7^ is run* 

19. mfig^A 2 B 2 0 7 ({I.U AliLa, Nd, S r fl>b®fifr55G3l*"eifc 
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X), BttTi, Si, Nb, T a fl>bStf;ft37G*"C;fc5) > X 2 Y0 4 (U 
U XttLaXf±Srt?fc»), Yf^N i XttT i T*&3) N Sr 3 Ti 2 0 7 , S 

r 4 T i 3 o 10s tezvL * t a o 4 x»m&ix%mitmfrbM&n& iwmu.t(D 

mefab^ ftfi^Sr 4 NbjO„ Sr 5 Nb 4 O l5 . Ca 2 Nb 2 0 7 , YNbO 
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YliN i T'ifcS) N M" Ta0 4 «&U M" iiAl, V, Cr, Fe, Ga, 
Y, Rh, In, Ce, N d , Sm, Eu, Gd, Dy, Ho, Er, Tm, Y 
b, LufrbM&foZ&mJuM) . Ca 4 Ta 2 0 9 , ^it>'BaTa 2 0 6 ^ i £>@ 

io mm^-T4^yttw- 0 

2 0. flt&Sl 2^&l 7 0V^^^l^|B^^^i:^ = ^Tm$t^|- 

15 2 1. ff^l^lB^iifia^-^^^^MT^oT. 

HUfB^kW^ S r 2 Nb 2 _ x T i x 0 7 , S r 2 Nb 2 _ X Z r x O ? (0<x^ 

2) ^baifm^^k^-efc^jim^— r-< ^^m 0 

2 2. fS*3®l 2^iem©«= i -x^ y^t^ot, 

20 SfrlS^^^ S r 4 Nb 2 . x T i x 0 9 , S r 4 N b 2 _ x Z r x O 9 (0<x^ 

iitjfEM^;^ Ca n Nb 4 O ai , La 3 Nb0 7 , DyNb0 4 i5^«5 

25 mmx* h % mm = — ? a ^ 

2 4. m^kmi 6 ^IB^iiS^-X^ y^T^ot, 
BftfB^HfcW^ B a T a 2 _ X T i X 0 6N BaTa 2 . x Zr x 0 6 (0<x^2) 



WO 2004/085338 



PCT/JP2004/004010 



35 



25. m-^2Km^m^—T^^^u^hox, 

HftHB^fMW, La 2 . x Ca x Ni0 4 (0<x^2) XfoSMBt^ — "r^O? 

r Yb 2 0 4 , S r 4 Y b 2 0 9 ^b51fm6^b^^b^6^='— 7" 
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